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ABSTRACT: 

A pipelined scheduler which allows easy implementation and control and further fair scheduling 
among input lines of a crossbar high speed switch fabric is discussed. By means of a round-robin 
communication scheme, a systematically ordered sequence of visits to time slots can be obtained 
regardless of whether the number of scheduler modules is even or odd by framing the time axis 
and using a priority matrix to reserve future time slots. Further, a Carry Over Round-robin 
Pipelined Scheduler (CORPS) achieves scalability to a large number of ports. Moreover, CORPS 
achieves one scheduling decision per line per slot, by scheduling packets in future slots. It is well 
suited to the support of Quality of Service traffic, since the choice of the queues to be scheduled 
is arbitrary. CORPS limits itself to resolve, in a fair way, the contention for output ports. 
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im.nx-hX-yx'riSz.-iv^Ji.-frZmrZ, 
x'rVz.-yktt'fh. &x>r=Jz.-)V*iV*-)V 

-A>* is*. -Mi . * S/a-/HS"CX jr s/a. - >J y $OC 
•y-b-^SftitL, #^a-*li;*-*tt, S 

L£oti-&wm<7)?><j>xu yhZim-?&. xm 

S-^v^T. |i|fB^*^^-<AXD>y h*^*»t*d*>iSr 
m*<7)?4J*xnvhZWV. x^yi-'jy/^7t 

[ 0 0 3 0 3 X4 '/*j-<?>X>r : J*-y\t. mf£m&>9 
-i axd -y bA^StlTv^i:#X<iJlX4>^-CV^i: 

•yh/ittlujt^-tirS. 

[ 0 0 3 1 3 X4 y f-t±. inflame- ho-eix-rixt 
ft\sXm<r)**-*WfrthW®&y)*z--' f >"^5r 

y^-rs. j>s^j±. co-it- hcwtiflSBiiwj* 



t'XU<- h£Wf&. ttz. X4 v+XlriSx.-yim 
*m 5<?y b'ah'yizM^X^tHfi^-b^mtR 

[0032] im^<r)m2<r)WL^zi.ti\i. X4 y ^tf> 
WtLOXl)*- V izmtZAJj'^ v h £ x4 ••/ 
Ig&cotfcft tf- h lzm& J o \zx*r=J y 
mtf&&2ti2>. ZZX\ x^Jx-yte. rn&WAJj 

a ) KX^t>'*j.-;U ; E>'*jl-;P*^ iuOX^'jL-rt^ 

AxuyY zttnt&XT- -y rt , 

c ) fyie#*«D:M AXQ-y Mcfctt&iiUlfflKX^v' 
a- y J: o fciiifflgSfcoatttf- htf) d 1 
HM1Rt&X7--yTt. 

is^-Mz^xmzj-mnx^&frt'dfrzmwrt 

iXT-y-Tt. 

e ) 4 AXOy btfm&%X7i; z.-)^ 

YIMkZlxX^hfrZofrtiWktZXT 

•yTt. 

i ) WH&ktofJ-kXUy h*mit$*lTV^V^ 
£ s miia$#tf>:M Axay h^fl&cox^^jL-yH^* 

T-yTfc, 

g ) l?f2*?3fcO:M AXO-y W>X*i?a.-AX: 

h) mm*mLmm i Biizw}tt32tix^&%&. mm 

Xfftf A AXo -y h Srfiih WcISS LX Xt -y T d iz 
mZXr-yTt. 

i ) mimmimmmk^tix^^. mtm* 

<»H Axn >y h £j9r$g»<0:M axd -y htfffKflUt 
tf. mmiyyrZ-t yhLX. Xx-yTdK^&Xf 

j ) !5!£$*<9:M AXn-y h^ffi^x^^jL-^i^ 
a -;u £ «k o r W htiX ^*$r ^^(cliffffflSsfcO ? 4 

AXD yhSrJXOs BUfS^OrMAXD-y h^mtl. 
fcd t Sr^tff«Srffiex^^-'J yf* -y-b-vtc 
AiiS Xf77L 

k ) mUXTHz.- 0 yf* -yt-iSZ&nXl-iSjL- 
>V^Jz.-Mzm-XT-vTt. 1pt>%&. 
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[00333 mLWXlJX-hZMtXAjj-t&T-f 

hl &&j}*-bizictixM*<D* jL-ztm-tziim 

till**— iy?*m^x*2.—> f y?2ix&. ®*t<n 
x- v\,zft?hvms,i)**-4 ymm<vx- btztt 
?hmtm$&tt*-4yyt\$m.Ti>h. &tz. 
mw&&-}}* *-4 yym- ex u- 1- n^mm 
t^m^webh. x^j A -y^ m^-my^y 

[0034] *&HJJc9fg3 ffffl&lZ ZtVU . * y h 7- 
^ttJ»tSx-^^o-$r$iJffll-ri,x>f-y^i, ^© 

ma&moAJlX- b<r)o *><7)ftfe?>AJitf- h Zx-r 

iSj.-v yy-$-%K®<rym.(r>A-hx-\-x7-i;3.-v 
y^V^-^^hx'rVa.-vt. 

ti. m&xyi; A -7tt. mteAJjx-bXT-i;*- 
V y?* : JjL->vtfv y^mzmWiZti. 9 4 axo -/ 
\-miiz. «-A^)^-hx^va-'jy^xA-;k 
t>K wWyx'rVj.-vy'r^Vz.-iVfrh. bh^f-to 

?4A.xn>ybcD?®#MtimZ%mi. #A*^-h 
x*ri; jL-vyy^Jx-MiK W^-(axd7 
h{ctj{ti.saA^^-hx^i/i-u y?*zisx.-)V 
frt>wy-y bmmi'fiwgzmg.L. zkkx-vx 
riS*- v yy=t V* -)VtK mk<r>xr~J3-- 0 y? 

*is*.-)\sfr^%mLt:^mm.m®iz. s^^- 

[00353 1iaoA*x^^*A-y y^vjL-^S: 
3Tt6/^.y bx-f >y^<7)A^^-hi:t«^^-hO« 
»K««:ifcjeL«»* : MW-4 (WT, x^x* A -yy 

[00363 IMlXTi/x-V yy-fjmt. 

a) mteCOXris Jl'^i/x.-MK mCOX7-~s*- 
lVZ i J3.—)Vfrt>X*r i JaL-V y7* •yt-iSigm? 
&Xf-/Tt. 

ItiJjX- h <T> o 1 -PtCT^ -t X L i d -TS^*^ 
h£^<6&7^Artc7)!f#S<0:M AXo 
y htC^S-rSXT-y7-t, 

c ) mm.&<0&JjX- V<r>o *>co 1 ^ZmWmn? 
UXD-y hT'^iSfiffltx^x'a-y y^-n.J:afc 

SS?-TI.Xf--y7t. 

d ) m£M%?>? 4J*XO y btm^XT-'Ja.-tU^ 
e ) b?12:$#0:M AXD y h^ffi^X^^a-;^^* 
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tltzZ t ^^1tf8S:l(ifBX^xa- y -y -b-^* 

[0037] ±MZx*is*-v y??mt. ? 

[00 38] ^x^y^-yy fffB 
Afl*-hx^ji-yy^*S<'*.3.-.rt^ 7P-act> 

cy>7l^-A|*lc7*g-*fl&£^ft;M AXO>y h&ctmt 

Lxn&mzmtk-tz. 

[00 39] ±MX*i?3.— V y?im\&. ht^-tty 
tv£M$&)?4J»XU -y r- fcfcftS NflOAAsK- r-X 

[0040] 

(Carry Over Round-robin Pipelined Scheduler. £TF 
CORPSfcV^. Mi. SjS?nxA7r7*y -vtlZ 

^&^&x^*a-7T'£>>). mmkwri;* 
-7<r)ffim&*mm-hi>(F>x-hh. corpse, s 

»X4 yf-7r7*y y yj£j£i> <fctf5>f >-stco 

w-rs^utr-jfx^^^'siR^iii.. mc, rrg 

S fc USt. * -y •b-^'jaa^^rS: 5 4 >SJgt fc 

t> fcx *r- 7 fMztm-fh fcftK . rMTrMyr- 

[0041] $<?fc. **SfcJ:*iHr, ^*!tl$:*tcN 
ffltfOSJ^f *>XO y hm-3>& xu 7h7 W-AKtff!) 

VMI^XJi. $&04*£:rut:MAXn>y r-£:SM 
j«It-£>lt*££iS1-&vhy?XT'*>l>. vhy? 
x^ffteJltt^ k~ A (SS^x-r^xo-y r-£-& 
tf7l-- A) (*j<y)xa>y h-Sr-f yr:/"Xf<|+tL. "?MJ 
^xw?iJ{i»:{c;|feita7P-i».rtcoxn y l-£4 y-f? 

4yr?xtcj:r>T^$ix6&7i'-A[*j?)xoy h£ 
r i)Wi.S (visit) j ^ *>5r^-TS . 
[0 04 2] 07{±4X4gBfc-?r-y?X£^-r0T'J> 



0. 08<i. 07tc^Uv:vh'J7Xt^trs>'NM7*7 

comizmz-kttix^zztiz&M&'^zx'hz. m 

S2XD7 h-C*4t*. SM#l#&7W-Ac9£S4 

fc. SM#3ti&7W-AOm2XQ-y McW-fSX^ 
^.-yy^ifcSgSrLTUS. 
[ 0 0 4 3 ] feftv r- U ^XSrffiffl^^ fc izX O^S 
M#7 A-fkSfu ?UXD-y h jSEHJf^&itilW 
IZ%&, 0UfcT. 71/- AFlKfettSS-SMcOBfl*: 
^-SMcOX^Xi-yy^^iggii. 7 

i/-AFi<?)5tsiTW^ft&$<i. xyisjL-yy? 

&££ffd AXQ -y hCV&WWf «T8->T7-T 
6^T5^T8t^rO. 7 U-A F 1 ^3fcJgT'|ip$ £SS 
T-fS. ZtLii^ 06t^U:RRGSKi5»t.&:5MA 
XDrMBBJO? (T10. T8. Til. T9 • • 

• ) ttmLxmfflmz%~>x^&. -ko^smou 

[ 0 0 4 4 ] H9(i 5 X 5ffi5feV h U ^XSr^0f$) 
0. HlOJi. 09^L!tvhy^xtc*t-r^yNM7" 
7^f y-ft^tut^^f AXO y HJSHI)i^$:ff!|^LTV> 

71^-AiMXIi5:Mi>.xn.y N = 

4<0^fc|3I«(c. ^-fi,xn>y h»UfMifflJliJW& 
t>^t=5rS. 08tPieifc. 7U-JUFlttJ(tS#S 

3§SJi. 7U- AF 1 c7)^feSlT-|5l^^$il. X^r^' 
jl-'J y^^Srfird ^-f Axu -y hcDiililJiiy^T 1 
0-»T9^T8^T7^T6-Tl Ofc^O. 71/-A 

f i c7)*^T'ia]^^T-n» . s Mcowstozm txm 

<nmV£< R-fflBiJtTNXN@5t-7 h y ?X*«J£C 
& RRG S t it«fLT S McOl^aiXSU®^ 

[004 5] NXNjg$fcVr-y?Xli. jlft^-x-f ^ 
•y-b-^SUcOlplt^lpUC. SM^SrlUK^ItS.r 
tiz£'>X£S$.Ztl&. ZtHzX"). fc^^SSM^'. 

isitor)j (flD^>. 1 ^^f AXn-y r-flf<y)SM) izX-o 

xmzm tuzta^- h im^z t zmma . 3 y 

[0046] iy±«0 J: p tc. ^«l5r 7 l^-A-ftLT® 
5fevhy^xSrfflv^^Srffa^t{cJ:0. SMCDffl 
!8ctcl5LTffl««OK^< 54 AXo y hiflUWIfli^ 

Mimt^t^y. ™<r>m&mmtf-%%>\,zt!:h. 

[0047] *^T'{±. ^ar-^fx^^-ra 
y-b-^igL*^^«H#Lo-^rMt^iSet-t& 
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o-yhjfetcjitr. 

[0 0 4 8] 01 ltt, W«>*$ r S;*-yfc5*jL-A' 

sM«iar<?DiMiL»fl!tffi«f iWUHTJb*. t*« 

•yW*^(£lT, 3>J-/ 3 yMt'^k^. ) fc 

Mis 7 1'-ATt'CTOS M& J: Outfit 

xay Mi, ®&mz%fc%aV V*5»t, a\)$? 
a 7»?3tf: -y htflSSfcgi&g^-rBtta***. Ztl 
(i, osteon y i>* 3 v£ffigirt-&£ti>K:N'fl£>7l'- 

[0049] ^fA^t yg#£fl s £lgRrt.6 fcft 
KJ:oTf&#^l>7U-A<7)lI8tfi. ^jStfi^^ll 

*Ufs l-?c07.p>xh*i, H^c^a^ny^'gysris 

[OO5O]09;Ltfs SMafr\ 5-z.t>hfz#-V pIZ 

iW*<by#i?fU,fcffii$ir*-&. d*>iifflL»tt«>l&£ 
t IX SMa(Cj:-5T^$<X7tXD>y h£mxft 
£>. 7D«y hmn ( l^n<x) Wvffi^ Plttf- 
hpfcoUTliSMaKfcoTfflffl^ (Hit. 7*o.y 
*y7) fc&S. ftoT, ^COfflih«|g«i. -S-X^it* 

7s d y h cjw s«St<03 y i? 3 y#»ih£*ts i t £ 

[005 1] CORPS^y-y'a-D>'7'WJX^ 

cowtiiz^xmmth. 

[00 5 2] #-b;l/7n-y hX\ f-x-f V\ft<F>hh SM 
*"i^S MfcgStlSXT- i^'a- y VT'&JggS^ 
7WP£5£i§-t6. S^-y-k-xli. £**:>©&c7)N 



ty'i-'Jy/SS (scheduling element, feTFSEfc 
le-T. ) ££tt. T=5ri5*>s S7 •y-b-v-'fcL 
NffloSEJr^ri-S. S^-y-fe-y{ii^T»7*-v-y 

[OO53]012tis S^«yb-iV*<07*-V-yh5r 

x-y7/SSSE(i. #mS(TTL : Ti«e To Liv 
eh NA^D-v M D (TS 1 : Tine Slot ID) N S 
M- ID. Xt/ai^-K-h I D (OP I : Output Port 
ID) frtztth. 

•im^(TTL)Ji. iitSE?r^L7tSM(Cj:o 
X&tiHZNiZ*yhZtl&. 

■ 94 A70-/MD (TS I ) Ji. 3®fcc7)TS (74 
A70 y h ) *»/5>7D >y h^XT-^x-y >'7'i?iXl»t 
Tv7)7D.yhatLT^$ill,s X^jt-U^S 
ft&TsO-y hOl DX'hh. 

• SM-iDtJ. x^J^-yyy^iLlzX)}*- 

hXy-y'i-'jyy'ty'A-;^ I DTht. 

■ mux- hi d (on ) ii, xris*-v>r2ti 

ZftUX-hCDlDThZ. 

[ 0 0 5 4 ] 70 >y hcOgHjt. ^-SMtiMfTS SM 
O-y MCtttt£>*UtSE££tf. &&4>&SMfcL ^-f 

A7o -y h mtz 0 i isiwxt^- y y 7*^ 

$:ffd. SM P ^'7^>'* J L-y>'7'^£lT3^s S 
M P \mT<VW&tt-th%( S E srms-r & . 
[0055] • TTL=N 

■ TSI=S4<0xa-yh*»f,jSJ?i5n^7^AXn-y 
h^T'iO (-5-ix^tr) 7o>y hOfflISm 

• SM- I D=p 

• OP I =7-fA7n-y h (CTS+m) (Cfeft*^7" 
•y h^A^J^-b pfrfeaWnK-h qC^i?iiS J: 5 

[ o o 5 6 ] 7^y A - y y^(:w**,f, #s 

M«i. iXW S M(CX >y -b-^'JriS-tlijt^ S * y -fe-iV* 

rtOflH^-t^Tv^SE^TTLSrr^y^yhLs TT 
[005 7]#SMtt v (N+l ) N®<r)GiM£&tt* 

tyrw scsrqrts. g%joNflKotts<i. 707 

^7>f •yf- ; E> ; x-/Kl«J:-?TSE^aj$iti ( ^7^-A 

•T^TCOSMWIS-Cs \/-Mzmthn-<r)ffi&z 
^L. v><o*H7)^St'^a7Arjyha-7t«J:o-v: 
T7-fe7$W#l»„ SMli. c\(nmki 

*iS*-Vy7W£Ztm-thtztblzfm2ti&. >t 

•J 7H <iWT<07 a -v y h ^ ftti . 

[00581 013 tc^-f J: 3 tc. JUTc7)7 ^ Ffr' 
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• 9 A AXO-y M D : SC7WV)'(>'f?XTft 

a.-Mz J oTii^^itS^D-^*^? n y ? fc ISIJSi-^- 
£>. ,T0D7.f-/H<(i, ^n-AA^oy^tfjifrfS 

[0059] • m± (Blockage) : ZtUt&tAtfXiri? 
a- 'J y ^^Sr^-S £ b *m±ZtiX V >6 tUA*- h 

[0060] • ^"#7 (Reservations) : ZtUt5-Z. hfl 
tz9A AXn >y hfc*tf SxySoL-'J y^#£lEii 

■^4. CORPSI1 %?4AXa?h (CTS) CSf 
LXZ<?>? 4-)VY rtcO-T^TCOX y h >J #-f O S 
M^fcOP--C-J>4>IfcS:fi£liEn.. ftoT. ?DX 
/•«%S/jt-yWi. ffStOSM (CTS) -t/KttS 

T/l^yXA^att^-x-y^fcL ?o^3yhn- 

j.-;Kc J: oTltfrSii* Z b iPC* h . 
[006 1] CORPSXyyjL-'JvmJ'JXA 

T/l^yXAtCfiB. CORPSfcli. 5-tt>tlflSM. 
^bffiHi^-biXIr^jL-Vy^LXob-r^Hz 

mtimmt^. botux*- h ^^ya- y y^ 

Li? fc-r&A>tf)3HRkL £-SM££*>$*u *?)VO 
QtC-t-t'Xf SH*<04?y „ 0 1 4teC O 

Rpsx^y'i-'j y T'r/i' ^yxASr^r^o-f-^ 

-h-T'&S. OT. W^";niOl-ll0i:-9 

[00 6 2]5fe"f. ?X?1 01fcj3WC. BUCOSMfr 
^S^-y-fe-^SrSflU #SEC:*tLTTTL (^ 

Sfia) ^'J^yW. SC. -^-i.^*utSEtit 

LTTTL>0tf0^Wi, TSI (rMAXO-yM 

d) if^^yhL. ts ict$tts**yrMs 

CfcHSrtS. TTL = 0<7)i§£fc:kt -£<7)SE£S.X 
•y-b-^>£>l&*-f6. 4fc. *^y- (CARRY) 
77/JCARRY=FALSEt'J-fe7hto (?X 
710 9#f&) . 

[00 63] ^V^T. W102 (SMrXO-y r-tf)fh 
&) (Cfc^T. ®iJ&ffi3fc^r-y?X£fflVvt> fc'tf)*? 
3fcO:MAXn.y r- ( FTS : Future Tine Slot) £X 

^'*-yy^tJ:ati-s*^n«i-s. ismo*: 

*>. ^Vr-y^Xli, FTS=f (CTS, SM_I 
D) com>mLf txyrj-r-'^fi^S. 
[ 0 0 6 4 ] gfc, SM*^flffl(Cfc-<7)|lJ7J^- r- ( O 

PIS) ZXT-i/j.-vyfLS.ob'thfrZm.-th 

(9X9 103: aJ7J*-r-<D§iR) . tfSTJtf- 



=5:^ (fllttf. aj^-K-h^tt^tt^^y Kot'yjg 

[0 06 5]^WC, SC (FTS) O?ftxyHJ0> 
7*>T\ SM-ID^cOXT-^'i-yyXiSrllff^ 
S MlZ*? L V >t> <9**& S*> t* d *^#(3f-x >y 9~t h 
(9X9 104 : XU y h^l^mLTV^Mf 
Xb) . 

[0 0 6 6] i>U SM-ID*^c7)xy^'i-yy^ 
imfi-th SMfcHSrl,^** ( ?X? 1 0 4<0N 

okxc sc (fts) coffljtxyr-yo^T. 

OP I (ftTjtf-r- 1 D) i)K X7-iSx.-0>9'$:W* 
TV^ffiTJ'-K-hOP I S1,zmL^i><7)tf$>&frb'dfr 
Srf-x-y^-fS (^X^l 05 : SftttlBjhSftXVi* 
i)H0TX b ) . 

[0067] &frt>W±2tlXU2>%t>K ( 9X9 1 0 
5WYES) . S^-y-b-i/Sr^OSMt^-f (9X9 
106) . 

[0 0 68] Uttm.ikZtlX^%\.*j:h\f (9X91 
05ONO) , SC ( FTS) Oft&^V V V CDo *> 

t.opi (ttJTj^-M d) *\ X7-s^-yy^£ 
u^-cv^aiTj^-hop i sizmL^hcotfb&frb' 

5^5r^-x •;9-fZ> ( 9X9 10 7: ZtoXa-, UtfR 
htlX^htiWrXY) . 

[0069] -e<7)XD y Ytm.t>tlX\,^j:^1%£l,Z\& 
(9X9 \ 07<nNO) . SC (FTS) (C. iBiOS 
M- I D£3TLOP I *>'OP I SC^UvfftxyM) 
£ffo£U TTL = N. TSI=FTST\ SM-ID 
JieacOID(^L<. OPI=OPI ST'J>I.SE5: 
^•TS ( ^X^ 108:707 YZWLh ) . *(D&. 
9X9106 (S^-yt-=J^mt) ^.mti. 
[0 07 0] Z<r)XU y\**&M)tmLX^h%& 

(9x9 1 04 wye s) foh\.mz<nxu",hwmz 

W>ixX^h%r£ (9X9 107 <T>YES) WA 

i$ffitfmzmteztix^&frb' o A>£ftSE t . 75/ 

CARRY=TRUE/FALSEi^fi7n5. C 
ARRY=TRUE«0^-W±. SC (FTS)C7)fflih 

OPI =op I soxyh-y 5r^L, 

f^^U^diCARRY=TRUEt-b7M, 
^C. FTS = FTS+N(C-b>y b-Ti. (^X^IO 
9 :«8L) . 

[0071 j ^x^i og^io^iaLijf^^Mf^ii 

^^XSMfx-/?*>mS (9X911 
0) . HD*>. FTSIi. CTS*^2N2i0iI<tC^ 
ixT<i^r<i.^V\ (FTS-CTS) >2N2T&£*§ 
(^X^l 10WNOK) , x5-^7*-^lliL 
TKSSr+jhi-l.. FTS-CTS) g2N*<0^^C 
(i (9X9 1 1 OWOK) v 9X9 1 04-^MS. 
[0072] CORPST/l-rfyXASrfflV^SClhT'Ja 

y<r)wm±ih. >U9<a9-<r)hi>voQi±^ mm 
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v yy-r&zt iz^triz^/^-ntk^m-co 

SMptfHLikSfttv^fcfct. ^A-qATOc^. 

[0 0 7 3] Ptai*^-hqSrS^LTX^^jL-'J 

Mfc-fS. ?£>(;:. AtO^-f AXO-y bOStaj^^ 
- h q iZtflX S M i HZ X o t^y-y'i- 'J y?Ztl& 
Xa-yhcOfmin^ (At) fc^S. 

I n 4 « (At) -n^ (At ) | SN 
T-fc.&i§£\ m-7i7 (m-i^F) Z'hht^o. 81 

[00741CORPSB. m-^F(l<m^N)T 
hh . 5-L t>tltzXa y hts izty v£ hqK 

V^mfflcDSMti^il-efu *<DXn.y MCttLT&it 

#&KJK^ftT^&a>fc*3a>?)xx h i fc $ tx 

#^rV^-CS>5 (014CO^X^ 1 0 5) . Z\ixh<?> 
mfflOSM^'XD y b t sCfc^Tffljt^ilTV^^Jl 
t s + nN ( KnS i ) fflSCmjp^XO'y 

Xt>*). UK>, .rft^SM^cift^xo-y Mc:*f 
( $ fcfrWUf *ii6lit s fcfclvcffljt£*vO>S ) 
*tf>S Mfr'-Hi-rixq £*t LTX^a- >J 

-thzkizzhztzmm-z. z\zx\ ztit>imy 
u-j±0)t4®c?mm-&xv -y hizttLxmmtwm. 
u>»*>, ^'jyg^ (an) «sMrtt»:<7)i7i- 
-Mzi^cox^i;*-yy?Z&s8rt-ht^ix\i. # 

S Mti , itifltf- h q KSf LT&O i 7 V-MZ±®X' 
NXO-y^grtl^fcK&S. ^coidfc. nu^'a 
^'Jg^^ill) i ^I'-AO i NfflOXD y 
ttSXOy hcO^-rixcOD-y-b y ht, f&OSMiOi 
NXU -y h J; 0 %^m%i£1i??> S M£-£fr i t 



[0075] g&^&S(i«l*aS^k -en 
t N(l J: 0 £ < W -y h fx SftS ^ t 

ztzmt-t&fr^X'&i. mm.. -Hhfiv«T-(s. 
■t^xcom^ti> sMimmizm&ni'ftznhz t\z 

[0 07 6] *e>iz, m^Mffitohtxte. jmeota^} 

X-htt-th^x.-it'f'^X. Ztlt>CDSMtz£r>X 

-7"/h£?rt& (014(7)^X^108) . 
[0077] CORPS7-dfx ^-vfcOlrVOK^ 
i>*7)aX>h£LXtiirt:l?h.tt&(i>%:\i\ SMt'oL 

comxxir^jL- o yymmzm-rzMzm^tizm 

W£<n>Mt!;< b t> NfflWXO -y hX'$>& 

tzttWX-b&tf. ^nt'^D7K:i5W. ^ 
SM*>\ laJt^-^-y htJtLTSOcT)^ (iOigV^ 

s Mtf&x'^mm o w fc j©^, mt^viSzy 
icwt*»ffr. Bsi^ur . i-ii^sm 

7t^-. i/X-rA(i N fi^Ci - lffl«SM<0^«3g 

[00 78] CORPSIi. mL<r>7\s-J»\Zhtz*)>* 
*rv hxirzs 3.-V>y*fetfhc\t\,z£r>xm3Z*M 
ta!oT. MCDX'lriSj.-yizit'^X. 

•y hmm { ±* < tmwi-h zua>^t i>x-$> 
hmammmz>ztx'hz>. 

[0079] h57-r y? afffcJtti^^ . y hgS(; 

m txxy yco^y *- v yx SrSfff-r l.3ty> 
CORPS^ftflrET/UfrfftS-rs. OTt'ti. fS 

[0080] ( i ) -«h77-f vtvmm.. ti£v 

( i i ) ^-SMCi&^yrA^VOQ^fjL-SJ? (0 
140^X^10 3) . 
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[0 081] SWJjtf-hnJSO? 

•cwt — f js^tt^o Tj>f>«9>i. a^- h tid 

r-5S?Wi>^U^ ((55£i ) . fciX. ?-y-y hV 
OQdfjL-tcfcJtS^-yhSlSi^Ji. 

[0082] VOQSiRtKLT. 5-lt>tlfzSM<Dg. 

miZtih «55gi i ) . m->T. EScDVOQfcftL 

£>£>. OT. Chipalkattilf ( "Protocols for Optical 
Star-Coupler Network using W>M," IEEE Journal on S 
elected Areas in Comauni cat ions, Vol. 11, NO. 4, H 
ay 1993) \ZVtot. ^TOVOQOfflffl^pT** 
6i§£\ imSMt,ZtS^Xm&Ztl&£.X'%WOQ 
*.x-<7>l»fil + (N-l) pCioT-S-^JiS. 

[0 083] s^c. qk^fKraa-rsso^is^g 
A-ri»tffifiiT'*i». r^ffs^i-^'-ecox^^jL 

=5rV^fcndjS"t\ rttqfcliafci. V&Wf8L*)±m 

[0084] r = pq= P /N ( 1 ) 

[0085] Q. n ^S* bKiJHTaJ: 9 ttr/Mtr 
£ £ k & . >Vr -y hSHKBWIWiWfejWc. 
*-*p/N<D«M#fiifcfi!3. Mi % SM 

SitRti. -S-* ^ix£xo>y Hcfcvvt«§gqT-jg,r l>. 
SiRSflfct*. 014CO^X^1O5{C1¥->T, 

o-y hfctJV^T^-hmtcitLTfflih^ix&lS^Pb" 

T'tO#«Si^{i, yN'7>-^ s = q ( 1 - P k ) ffMM 

n-x-hh<r>x\ ittzwfrmtf&t^zttfx^h. 

l_ 

N 



[0 086] 01 512. Q. n ^i-^/y^fAtffl 

\^ixh^T>i^mmmmxbh. 

ttWGeo (p/N)/Geo ( s ) /l ^fjL-fcfln 

nmwt-'**irt& *-y ?xiz± -ox^^^ti 

[0087] CORPSSrJiJg-r*^^yh«0»l#ji® 
Geo (p/N) /Geo ( s ) / 1 tCJt^S«H# 
«gk, ¥*PjIS <D cotps > tcr>mz£-?X*Z.t>tL 
h (M. J. Karol, M. G. Hluchyj, S. P. Morgan. "Inp 
ut Versus Output Queuing ona Space-Division Packet 

Switch", IEEE Transactions on Comnunications, Vo 
1.C0M-35, No.12, pp. 1347-1356, Dec. 1987. #$) . 
Ztlte, K<7)Xolz9<Z.ttfTZ& iteW± 

tt$^-xmnx^h¥m.te. *mm*n:*TO 
xmA,X'msiix^&hcotm--x'b&) . 

[0088] 

[»1] 



pS(S-l) 



2N 



K) 



+ S + £>, 



(2) 



fc«u sji. Ge o ( s ) vmw5<mm$mxb 
t.mz. <d coips > (otYmz-o^xmmth. 

[0089] Q an fimVi2tLfz (5fcsB/^-y r-**Ge o 
(p/N) /Geo (s) /1£HJ*:) VKortKO 
WbWSCl'yfti.. £1\ SMmti. ISffLTV^XQ 
•y h^WLTV^v^k£«IgL&»mtf&^5:^ 
(01460^^.^104) . XD7h*t. SMKio 

x. m^-hnizfuxm^titmrniP^b-i- 

h> $£>K. 5-z.btitzSMtf. 5-£t>tifz?>(J±Xv 

P„"k-rs. iftri^. »5C^<ik*^S. 
[0090] 
[»2] 



^ = 1 + - 



1 + {N + m - r) »- W-(l-')™)] 



(3) 



[009 1] CORPStCiflif, SM*>'|fth.TUS^. 
n-yl-ti, Z<?>XV>y hffmtlliJjtf-ht.ZftLxme) 

-ecosM^^Lidk-rs^ffljh-rs^k*^- 

[0092] -^^S. SM*iV^i'tl*»cO^- b £)9ftr 



P 0 =l- (1-P 0 -)" (5) 

[0093] Hl4«0^x^l04(cJ:oT^tS»H# 
MM < D 0 > iZKiMz^XS-l htlZ . 
[0094] 
[SC3] 
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Eb = £ JVMftl - ft) - AT 



4=1 



l-Po 



-(^+i)p 0 / 



(6) 



[0095] S MmjWMBMfttl&XD >y h#£vrc^ 
<iai4£>?X:71 04. 1 0 5, fcitf 1 07 
<7>rX h NO), fiBt? MJ? X£5$*<fc ffl $ 
*LTV»* £ k IZ X *) . y h OTOBK < D cotps > 
#N&t&Zk*M.&Mi&8Tg>t>. <D corps >> 
NT'. aVif a ^5r<kfclo«fft 

XD y hfctfLT i - 1 fflcOffiOSMkOri >J Va >tf 



0>SM?*i*&fc/t$r-y hSS* { j NT*iW*P 
[D corps = j N | v= i ] t-tt. MtK. mtfi*<r> 

xn-y h£!Hi£JtfeK?>SMT&&lft&. 
[0096 ] 
[»4] 



Pp, 



corpe 



= >AT| V =1] = | J 



(7) 



k&&. 

[0097] JJE^tiCOJtt:. SMm#XO >y h £tfcfl 
SMaSMTfe&tfr. *«/t$r* MiNXO-y 

-£\ CORPSX^^'a-7{i^«?5l7U'-AjrX^r 
^jL-'jy^-rS*^TJ>S. SMs <s*m) 

OffittOifcftsK- h (mz&J]X- h n ) tznttvo 

' 0 

Pp OTJ , = jW|i; = i]= ' 



HrT*4.rk£Sig-t4k, P [D corp8 = jN I v 
= i ] fc*W-*HR*W*W>J: 5 fcSrfti k *3LbV>\% 

[0098] 
[R5] 



(8) 



[ 0 0 9 9 ] 5U 8 ) ?)J-.&{i. m**XO y h £tfc*l4 

zt^oztThz. Tnoz-mmn.. \-imns 

M*>'mC7)l5tXn «y h*ffiXt&fe. Ztl^O^j 

- 1 fflco S Mtfm k «et* TOtt* 1 * 4 k i» d i k T 
**. (Dcorps = J N*>-?v=i ) OJBOftRORB* 

Kg£li-r4.rkA 5 T*£4. «rtMrt. SMmli. xo-y 
MSigNCDi #@«SM5|#T*4£ fc#*L<*&» 
6U*6T** (H7#ra) . 

[ 0 1 0 0 ] mz^ 1 oflrtt y K»MB»jBiD e ll* 
£7) J: a C*SM-4 £ k **T*# 4 . 

[0101] 

[»6] 



— JV(JV - 1) „ 
A! = —5— '-r + N 



(9) 



[0 102] CORPSX^yjL-^tCiO^t^a 
©i<foDJ:3fc5:4. 
[0103] 
[»7] 

s^;= aj+d; (io) 



P? = l + I[l + (iV + l)(l-r) w - 



+ 2 + r 



P-r™) j 



[0104] tm+*$mPMmiP b Tt>&. zti 

yMZfeWC. lOC0SM*mih$^4il*TJ)4. & 

[0 105] 
[&8] 
2|1 - (1 - r)"* 1 ] 
r 

(") 



[0106] Geo (s) iZitlX. <S>=l/s «£f©i&<9J: 
X\ <S (S-l ) > =2 ( 1-s ) /s^Ti^-Ik [0107] 
fciEI^k. h^XrAT^tS^ [&9] 
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D - 



P(l-s) , 1 



+ - + N 



rP °l^A"" (7V + 1)F,r+1 ] 



(12) 



fc/iU s = q ( 1 -P b ) X-hh. Sffi03Jf{i. X 
it/a y 5>b yj^ffilEtc J; 0 . >y r-#ft»*-S 

[0 1 08) 01 6fc. CORPS<?DjiM^XyP-r y 
hOJBifrW*£££, CORPS^^s/ J .-52rffilt^l 
6 x 1 6X4 yf-O^S jlW-v g >b tmLtziiCOt: 
ffcf. CKOHttJ^T, ^MT^^ytJi^nyyay 
ai&fr^SfflSftSCfcKJy, yN"*--y r-tfSMXiy- 
coRPsastoratsv^i*,!,. m& 

x f A <ak& £ v > t il < -Set h . 
[0109) c:o0fi. a?f o-t^T^SBSriltT, 

*wiss*itt«>&fc&) ko*. **-4>rmttm. 

b-t-K'tzmkWV- y Y £x >r is A - y y *T I. -lit 
fcvvc. CORPS**3£<Ji££vvovi> < ri;£;gifc 

-?-|>. flfcfr. CORPStcJ;oT4tl»¥^g®<i. 8 

%M<w%&<na x z 1 7 u- a*> ^ . m<f# o . 8 5 1 

[0 1 10]^»»t&^ 017tC. 16X16 
CORPSE yf-tfc(tS^)lS<7)l8*i^$-*-r. 

0. 8*>J;tfO. 8 5^^-OtOT$.S. ti*. Wf 

XVZ^ifrfr^Z^ZtiZ&SZtlZ. iilli. CO 

r p s x-azmzi y i^' 3 y#j@.r &,ri£§fl/0^ 

ClitCiS. HIL »f- *tt. NV2=128 
XrA*^(c^#v^{cioTlgi!i$ix&^. ys 



•Drugs = 



^(l- 

pN 
2(1 -p) 



JL 



[0111) 018(1. CORPSSrHS-r&i^xA 
7*P-y^0T-J>5. VOQM%^a— ^^J: 
fiSffl**A--VOQfc:A*l4. *tz. Z^is^-H, 
it. 5-tt>tLti**-izKb^X. SIMS' a-JHC** 
IXmi&Z'tTO. SM*v'*-;H;L X-y-t-i/'gmi 
ZfflWL. CORPSX^A-^&ICK-rS. SMt 
^*jL-;Wi. voQMtiiftL-C, }§*oxo-y h^fl 

# ?axj<;i>i;x?lzWMZti?> X o lz-t& . 
[0 112)0*. SMtroxrtayhn—ycofSn 

mmii^xzmtxftfrti&xdiztjiztix^hff. z 

[0 113) X? ~J A- V>7T)l>TfOX£.t'o 

T&JtSrm. ^*mw$>x>v-7-y hoi oZc'*?* 
-lyxR&nmtt-f. ffl$Z}iZvmgi3xhi>% 
m-^zx-hz. mi<r>&wmim^x>\,-7vvx' 

mti. ^mtm^ix^^-yti 

X. l-SLlPRVRRGStCDim£fi?. SI*® 
to-'f t"V— V3 y"C(i : 5:< XAtV—I/b y<^)SL I P 

Wdrtifr 1 EJtftffcg^S ^ fc i. t <$&t 

i-sLip (i>i)ji. mnmz. xa~/h% 

So 

[oii4) rt?*--?yx\mi.zii\,\x. mtfma% 

fcil^vS jlV-^3 >&&cr)mi}$:i>tlZ-?Z. 
b57-f •yi7(=Jffi.RRGS*3j:t/SL I 
7*—^>Xlt<X<7)£olZi!r®C?&ZLt1f s X'%&. 
[0 115) 

[S:io) 



1 AT 

■ + ; + 7 



(13) 



(14) 



[0116) RRGS<0JSStov>TJi. *tKPAtJ: 
S^flBTl 1-1 72584^CfBI8$ixTfcy. SL 

I P^StCOV^Tti. N. McKeown, "Scheduling Cell 
s inan Input-Queued Switch", PhD Thesis, Universit 



y of California at Berkeley, 1995. CllBiB^ftTU 

[0 1 17) 01 9fc. Ztlt><7)T)U3yXJ><rFf-%M 
W$XlV-7>y Y<r>n7*~- ~?>X*. CORPStW 



(15) ^200 1-7822 (P200 1-7822 



corpsii mm±t<tcm^t. slipj:o 

Xiiz. £*i&oillMW*4Hi. RRG 
S&tfCORPSOtJdtfjKrO/hS^. L«>U ivf 

MgAxx^y r-£*-M>. RRGS^ .IfUi. 

>u >m s ®mztix\^z boMzx&hcox- 
$>h. corpsct)^ mzwnLtz£o\z^ mm 
mteWay&mzxhhnx'bh. u»u cor 

PS»i. RRGSfclt^T2oOfiJ^iSr^r-fl.. 

( i ) sMtft'<oiZjjx-\-zmiR.t&Mz-o^xmm 

COS 

( i i ) ffijgfc&^&x^a-^-e&s. 

SLI Ptafc&^&X^A-^T'&Stf. W3'J 
S'ayjg&TO-feXte, CORPS?)t>Oili:£<g& 

[01 18] BUifrOJ-JfC. CORPSE h'oill^-K 
- bizxy-^- 'J >^£IS*&a>(;:ovvC^&giR 
<9g -t&fc^ &VOQM{±. 
voQfcffcboT. xy^^-^yy^tih^m-Y 

z&fiiizmjii-&ztwx-zz>. zoztu. xt-v* 

-ymtXhyT-iSconWs&ttX'bitz. ®L->X. % 
«r>T)VzfVX&tf, CORPSttiC. VOQSS? 

Sifcon-rK'SUfc. iltcov OQMiKxhy ^<Dmi> 

^mx-bz . voQmtRx b yT=J\t. wmm.x b 

yTVhXWmmmmx b yy-Vb 2ico? y 
xizttmt&ZbtfTZ&. 

[0 119] jmmWOQMiRxVyTfli. VOQ 
mtR&&\ itXDAJi*-ht\im.lz. Afltf-r- 

(VOQM) ZbtZltTbtl&1j(r>X'b&. CORPSO 
»*ffcfflv>fc9 y ^MIRX h y^\tZ<^7 yXlZg 

[0120] fi*rt#&¥* >? (WFQ : Weig 
hted Fair Queuing) te, f^*/ b^m^XW^Zii\\ 

x&< l ®t>ixrz*t—'exxyyT ; JX'bh (mm. h. 

Zhang, "Service Disciplines for Guaranteed Perfor 
nance Service in Packet-Switching Networks", In Pr 
oceedings of IEEE. Vol.83, no. 10, pp.1 374-13%, Oc 

t. 1995, #!8) . zmtuM. m^MMzm-y 

-\LXl"-Y*mm-ht\^0l>cr>X'hh. VOQ c 

oRPsx^7fi:fc^T. ft-nx-b^m*. btm 

OPfSft ft n > b u-y t J: o v O Q MlcflfiJ 

^O^tC, WFQSrfflWC VO 
Q*i-<Oifc*C?-t'XW-h#. htlfztitflX- 
O QM^^SrS^^V^ J; d {^J1-|» CI t * { T' 

#6. 



[ 0 1 2 1 ] U- hfcjffihf-t'* ( RC S : Rate-Contr 
oiled Service) ffigli. b 77 4 »y? 7Q 

Xtmtimffiki-tffitth (L. Georgiadis, R. Gu 
erin, V. Pens, "EfficientNetwork QoS Provisioning 
Based on per Node Traffic Shaping", Proceedingsof 
1NFOC0M96, vol.1, pp. 102-110, 19%, #i0 . Ztlt> 
flWIWHRfc* ^ 7 b7-?^l -y byy 
4 ■v7i/x->Vz£'>X&mZtl&. S^K. byy 4 
y^x-'tut. *mx4 "/T-lzitSMZti. byy 4 

cr>®®lz& iXoizZtiZ. byy 4-/9 i/ x. -nt~ 
mz. >J-*-A3r.y r-T/WXAKioTfUSSfi. 
£. J.Turner, "New Directions in Communications, o 
r Uhich Way to the Information Age?", IEEE Comuni 
cations Magazine, Vol.24, pp.8-15, 1986. Wi. <?• 
<7)£o%T)U3VXJ*(7)l^i!)S§?MZtlX^Z. «*W 
%V-*-'*y-<y Mi, 2^a- ( loJir-^ffl 

■c. iojih-^y^-^^/s-5-y hffl) ^wr*^ 

(I&O^'-S -y KO**»/-?-S >y jL-£l§*rt$il 
b77^y7yi-A"ll VOQtfOd^iOV^-m*^- 

SrVOQ^d^&Ji, ^i-MCfiSW^'JX 
[0122] ±MZC02m't-t'xmmit. ^ y b* 

•y h v-t izmf&y- t'xfi,® (Qos) m-x- b 

C«0J:d^QoSl^-hXh7r^i, ^MMWFOr^ 
>fr^t,^t^S^i:* { ^V\ -efi{±, {&cobyy4v 

?xbo-j>ti mmmz . voQco^mzti&v-t' 
x*mzmt?z>zti,z+chfrt>x'bh. zcoryxtz 

mthT)i>3VXMi.. t'T**?%FxbV-J>CD£o 
®L.v^QoSTT'J^-^ 3 y5:^-r--y-SX>f 

[0 1 23] ffiPWVOQS^h^f-^'tts VOQS 
JRtfX-f y^-rt^VOQCO-fe-y h^frOttHtCtfcrrS 
Xo%miXbyT : JX'f>Z>. Z<r>XbyT : J\t-m. 
(C #7D-o-9--h*xtS4«-»-5J:0t. fe*cx;P- 
7* y h<7)J: otX-f y^:f*:coa>5* V^^<f &Zb 
tmbth. i-^t. ^^J;d^h7xv$:^^-y 
^•T'ftffll-^^i. QoS%*&mzm-2>®!fi%L 
t . T~"9 byy 4 y ^ SrlhK- h-f £^£T'S>£ . 

[0124] tSPWX h 5t^, fl!lC0VOQ«0« 
®WJ: 3^rjiSlrtB#5rCORP SX>-5/a-5(cllflW 

v^j Ttft. V-t'xxbyTMi. *v%ffif5traUTo 
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[oi 25] &x^-vi-yyfflmtii. ^ibtifzfy 

X'Syh (Gormen, Leiserson and Rivest, "Introductio 
n to Algorithms", McGraw-Hill, 1990. #9?.) . U*> 

<nm^m±^h^. fc*;2377fy/(MB 

M : Maximum Bipartite Matching) |51g£»f <i£gri*& 
5 (R. E. Tarjan, "Data Structures and Network Alg 
orithms". Society for Industrial and Applied Mathe 
natics, Pennsylvania, Nov. 1983. #.1) . SS&fr 

utM BM$rSP< Ttnv x&w\m*smx'bh (J. 

E. Hopcroft, R. M. Karp, "An n^ Algorithn for M 
aximum Matching in Bipartite Graphs", Society for 
Industrial and Applied Mathematics J. Cooput. , 2 
(1973). PP.225-23K #>&) . VOQ#2 

^Thht^si^mmit. iifi^x>f ytmixm 

htlX. VOQMK&SfU,. Z\ZX\ MBMT^rf'J 
XMi. &7U-J*cr>AO-y hlzk'<?>* t'X 

?z>fr*W£t&. 9mm*&?b&tf* corpse 

[0 1 26] fc*ca^2SSV yf-y^ (MWBM : Maxi 
mum Weight Bipartite Matching) |3JSJ±. ±fBcDMB 

C9a*wj£ft£g*t::-t6)2?)-t -y h fct'J> 
&£fcTi>£. ffiogf^{i. MWBM7^:fJXA£ 
ffl^&fc. mhy?< •vWhtX'U. XlV-Ty 
Hzffl LX M B MX h^f-^'J: 0^7 * -V^xaWi. 
Tv^vIfcSr^LTUS (N. McKeown, V. Anantharam, 
J. Ualrand, "Achieving 100% Throughput in an Inpu 
t-Queued Switch", Proceedings of Infocom%, San Fr 
ancisco, March 19%. $&) . z%tf)\i. #-fl6r-7 
•7 4 yfWii&i&otzMZ. VOQdf a— »MX£fi 

x-ttxm^&c\tx'h&. 

[0127] £tz. IMimizXtilf % XhYyy<y 

ftf^m^mx-hm*) . MWBMT/i^'jxAii?; 

^Saj^tf-McttLT. lffl^as^-b^WA^Jh 

h77 -f y^tfStttt^-efc&fcv^ . i^«l*aiv^ 
MWBNco£5£ttfcL *V^<^#4TT't>. 

Cl<0i§£i>. VOQcO^fa-KMISa^-C 
OVOQMClgSiT.. ffl^^-htJtt^g^'SM^ 
tWrZtlhmtZ. MWBMT^'JX^ty'a- 
^TUfT^iiS J: -5 iz-tt Z t tfX't S . 



[0128] 

tax. t-r. *Ham*7\s-j»ik.i.T9!fc?h\}?x£ 

yycomi z s mmwcconrnz x *> x^i s -mmc 
<. z(D&x'Lmm&v®wtff$%.x'h&t^z.&. 

[0 129] S<S>K. ^^WKiSUWL^^yKof 

y^r7-fyxy-y*a-7 (corps) fciftfT, 
^D^«ax-( 7f7r/y -y^^ASJSTcO^F^ 
XT-^a-'Jyi/^IEfc^S. CORPSE *?#<7> 

xu-y hast*-? hfcx^a-'J y^S^tCJ: 
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